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@ Multiple speed nonsynchronous automatic transmission for motor vehicles. 



@ A multiple speed ratio transmission for use in 
the driveline of an automotive vehicle includes a 
hydrokinetic torque converter (13) and three inter- 
connected planetary gear units (32,34,36) several 
one-way clutches (76,82,84,86) friction clutches 
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(88,92.100,104) and friction brakes (64.72,74). The 
engaged and release state of the friction elements 
permits the transmission to produce several under- 
drive speed ratios, a direct drive ratio, an overdrive 
ratio and reverse drive. 
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This invention relates to planetary gearing and 
associated clutches, brakes and overrunning coupl- 
ings that control operation of the gearing to pro- 
duce several forward drive ratios and a reverse 
drive ratio, the invention pertains particularly to the 
arrangement of clutches brakes and couplings and 
their mutual interconnection and connection with 
the elements of the gearing. 

This invention includes improvements in a four 
speed ratio power transmission mechanism of the 
kind described in U.S. Patent Nos. 4,509.389; 
4.368.649, and U.S. Serial No. 07/878,353 filed 
May 4, 1992. These patents and application are 
assigned to the assignee of this invention. 

U.S. patent 4.509,389 discloses a hydrokinetic 
torque converter located on the axis of the crank- 
shaft of an internal combustion engine and two 
simple planetary gear units mounted for rotation 
about the axis of a driven shaft, which extends 
parallel to the crankshaft axis and concentrically 
through the gearing. The torque output element of 
the torque converter, which is the turbine shaft of 
the bladed turbine, is connected drivable to the 
gearing by to a drive sprocket and a chain. 
Clutches and brakes are used to establish and 
disestablish four forward driving ratios as well as a 
reverse drive ratio. 

A first overrunning coupling and a first friction 
clutch are used to establish a driving connection 
between an input sun gear of the gearing and the 
driven sprocket. A second overrunning coupling 
and a second friction clutch located in series rela- 
tionship connect the sun gear to the driven sprock- 
et. The first friction clutch and the second friction 
clutch each are provided with fluid pressure op- 
erated servos that comprise an annular cylinder 
and a co-operating annular piston, which define 
pressure chambers are pressurised, the pistons 
engage friction discs to establish a driving connec- 
tion between the outer race of the companion over- 
running coupling and the common rotary portions 
of the clutch cylinders. 

U.S. Patent 3,054,488 describes an overrun- 
ning coupling that is engaged and released selec- 
tively to accommodated free-wheeling in either di- 
rection and to prevent relative rotation between the 
coupling races in one direction. Rollers are urged 
into clutching engagement with inner and outer 
races or into a clutch release position by fluid 
pressure. 

It is an object of this invention to provide a 
transmission that automatically produces nonsyn- 
chronous gear ratio change in an automotive ve- 
hicle wherein the gear and clutch arrangement re- 
quires a minimum number of friction elements and 
one-way couplings. An advantage of this invention 
is that the arrangement minimises the torque ca- 
pacity required for the various friction elements that 



control operation of the gear units. A second ad- 
vantage is that jump gear ratio changes, such as 
the 5-3. 4-2 and 3-1 downshifts, are also made 
nonsychronously. 
5 In realising these objectives and advantages 

the transmission employs multiple torque delivery 
paths arranged in parallel and located between the 
sun gear and carrier of a first gear unit so that the 
elements of the first gear unit turn at the same 
10 speed and in the same direction during operation 
in the second and fourth speed ratios. The trans- 
mission further include multiple brakes arranged in 
series relationship and located in the torque deliv- 
ery path between the transmission casing and the 
75 carrier of the first gear unit so that the carrier is 
held against rotation in the reverse drive condition 
and during operation in the first speed ratio. An- 
other parallel brake paths including an ovemjnning 
coupling and brake bank, the other brake path 
20 including only an overrunning coupling operable in 
coast conditions to provide engine braking. 

The input shaft of the transmission is contin- 
ually connected to the sun gear of the second gear 
unit and is selectively connected through a friction 
25 clutch to the ring gear of the second gear unit and 
the canier of the first gear unit, the ring gear of the 
first gear unit is continually connected to the carrier 
of the third gear unit and to the output shaft. The 
sun gear of the first gear unit is selectively coupled 
30 to the input shaft through a friction clutch, and the 
carrier of the second gear unit is continually con- 
nected to the ring gear of the third gear unit. 

The invention will now be described further, by 
of example, with reference to the accompanying- 
35 drawings, in which: 

Rgure 1 is a schematic diagram showing an 
arrangement of planetary gear units, clutches 
and brakes according to this invention. 
Figure 2 is a chart that shows the schedule of 
40 engagement and release of the clutches and 
brakes that establish the various forward and 
reverse drive ratios of the mechanism of Rgure 
1. 

In Rgure 1. the crankshaft 10 of an internal 
45 combustion engine (not shown) is drivable con- 
nected to impeller 12 of an hydrokinetic torque 
converter 13. A bladed turbine 16 and a bladed 
stator 18 together with the impeller define a toroidal 
fluid flow circuit, the stator 18 is supported on a 
50 stationary stator shaft 20. and an overrunning brake 
22 fixes and the stator to shaft 20 to prevent stator 
rotation in a direction opposite the direction of 
rotation of the impeller, although freewheeling mo- 
tion in the opposite direction is permitted. 
55 Turbine 16 is drivable connected to the turbine 
input shaft 24. The converter assembly includes a 
lockup clutch 26, located within the torque con- 
verter impeller housing. The torque output side of 
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the lockup clutch includes adapter 28 located be- 
tween the impeller and input shaft 24 so that en- 
gagenr^ent of the lockup clutch will not be accom- 
panied by harshness due to transient torque con- 
ditions. Lockup clutch 26 produces a releasable 
mechanical drive connection t>etween the input 
shaft 24 and crankshaft 10. 

An arrangement of gearing, clutches, and 
brakes is located in a torque delivery path between 
input shaft 24 and output shaft 30. The gearing 
includes first, second and third simple planetary 
gear units 32. 34, 36. The first gear unit includes a 
sun gear 38. ringe gear 40, carrier 42 and set of 
planetary pinions 44 rotatable supported on carrier 
42 and in continual meshing engagement with the 
sun gear and ring gear. The second gear unit 
includes sun gear 46, ring gear 48, carrier 50 and a 
set of planetary pinions 52 rotatably supported on 
carrier 50 and continually meshing with sun gear 
46 and ring gear 48. The third gear unit includes 
sun gear 54. ring gear 56, carrier 58 and a set of 
planetary pinions 60 rotatable supported on carrier 
58 and continually meshing with sun gear 54 and 
ring gear 56. 

Input shaft 24 is driveably connected to sun 
gear 46; carrier 58 is driveably connected to output 
shaft 30. Carrier 50 of the second gear unit is 
driveably connected to ring gear 56 of the third 
gear unit. Ring gear 40 of the first gear unit is 
driveably connected to carrier 58 of the third gear 
unit Carrier 42 of the first gear unit is driveably 
connected to ring gear 48 of the second gear unit 
and to brake drum 62, which is engaged and held 
against rotation on the transmission housing 66 by 
a first brake 64. 

Sun gear 54 of the third gear unit is driveably 
connected by transmission element 68 to a second 
brake drum 70. which is releaseably engaged and 
held against rotation by a second brake set 72 and 
a third brake 74. A one-way clutch 76 located in 
the torque delivery path between brake drum 70 
and brake bank 72. produces a one-way drive 
connection between the transmission housing 66 
when brake 72 is applied. 

Brakes 64.72,74 are preferably actuated by hy- 
draulic servos supplied with pressurised hydraulic 
fluid through operation of a pressure control sys- 
tem in a hydraulic circuit an d released by venting 
the servos. The various speed ratios of the trans- 
mission are produced in accordance with electronic 
signals that control operation of solenoid operated 
hydraulic valves or pressure signals that direct 
pressure to the servos in accordance with a gear- 
shift schedule that defines a range of operation for 
each gear ratio in terms of vehicle speed and 
engine throttle position. 

Brake drum 62 is connected by transmission 
element 78 to a drum 80 that rotatably supports the 



inner races of a first one-way clutch 82, second 
one-way clutch 84 and third one-way clutch 86. 

One-way coupling 82 produces a one-way 
drive connection between drum 80 and an element 

5 of a first friction clutch 88. which connects and 
releases the outer race of coupling 82 and trans- 
mission element 90. Second overrunning coupling 
84 produces a one-way drive connection between a 
second friction element 92, which connects and 

10 release other outer race of coupling 84 and ele- 
ment 93. Overrunning coupling 86 produces a one- 
way drive connection between drum 80 and the 
transmission housing 66. 

Element 93 is connected by element 94. 

75 sleeve shaft 96 and element 90 to a friction brake 
98, which connects and releases element 90 and 
the transmission housing 66. 

A third hydraulically actuated friction clutch 100 
drivable connects and releases element 96 and 

20 input shaft 24 in accordance with the pressurised 
state of clutch 100. 

A fourth hydraulically actuated friction clutch 
104 engages and releases a drivable connection 
amount carrier 42 of the first gear unit; ring gear 48 

25 of the second gear unit, to which the carrier 42 is 
continually connected; and input shaft 24. 

The operator of the vehicle controls a transmis- 
sion gear selector that is movable among several 
ranges including a drive range, in which five for- 

30 ward speed ratios are automatically produced, a 
reverse range and three manual ranges Ml, M2, 
M3. in which the lowest gear ratios up .to and 
Including the ratio corresponding to the number of 
the manual range are produced automatically. The 

35 chart of Figure 2 shows the engaged and released 
states of the clutches, brakes and couplings that 
produce the forward and reverse gear ratios of the 
transmission. 

In the drive range, first speed ratio is produced 

40 when brake 72 is applied. Its engagement causes 
coupling 76 to drivable connect sun gear 54 and 
brake drum 70 to the transmission casing through 
cooperation of coupling 76 and brake 72. Also, 
coupling 86 drivable connects carrier 42 and ring 

45 gear 48 to the transmission housing through brake 
drum 62, element 78 and drum 80. Sun gear 46 is 
drivable connected through the torque converter 14 
to crankshaft 10. Ring gear 48 is held; ring gear 56 
is driven by carrier 50, the output of the second 

50 gear unit; sun gear 54 is held; and output shaft 30 
is driven by carrier 58. 

During a coast condition in the first gear ratio, 
couplings 76 and 86 overrun. There is no gear set 
reaction and engine braking does not result. 

55 An upshift to the second gear ratio occurs 

when clutch 88 is engaged while maintaining brake 
72 engaged. This action causes couplings 76 and 
82 to transmit torque during a drive condition and 
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to overrun during a coast condition. In this way, 
canrter 42 and sun gear 38 are mutually connected, 
thereby locking up the first gear unit 32, which 
rotates at the speed of output shaft 30 and drives 
ring gear 48 at the same speed. The magnitude of 
torque transmitted through clutch 88 is compara- 
tively low. Sun gear 46 is driven by input shaft 24. 
the gear set reaction is provided at sun gear 54, 
which is held through operation of coupling 76 and 
brake 72 on transmission casing 66. During a coast 
condition, couplings 76, 82 and 86 ovenxin; there- 
fore, the first gear unit is not locked up and sun 
gear 54 is not held against rotation. In this con- 
dition, there is no engine braking available. Cou- 
pling 86 overruns also in drive conditions. 

To produce an upshift to third gear from the 
second speed ratio, clutch 104 is additionally en- 
gaged, housing couplings 82 and 86 to overrun and 
coupling 76 to hold sun gear 54 against rotation on 
the transmission housing through operation of 
brake 72. The first gear unit is not locked up 
because coupling 82 overruns, but the second gear 
unit is locked up because both sun gear 46 and 
ring gear 56 is driven at the speed of input shaft 24 
and the output is taken on carrier 58. During a 
coast condition in the third speed ratio, clutch 92 is 
engaged in addition to the clutches and brakes 
engaged during operation in the third speed ratio. 
When clutch 92 is engaged, coupling 84 drivable 
connects sun gear 38 and carrier 42. thereby lock- 
ing up the first gear unit 32 and driving output shaft 
30 at the speed of input shaft 24. Input shaft 24 
drives sun gear 46. Clutch 104 driveably connects 
the input shaft to ring gear 48, thereby locking up 
the second gear unit and driving ring gear 56 at the 
speed of input shaft 24. However, carrier 58 is also 
rotating at the speed of the input shaft due to its 
connection through transmission elements 106 to 
ring gear 40; therefore, the third gear unit is like- 
wise locked up so that a direct drive connection 
exists between the input shaft and the output shaft. 
During a coast condition in the fourth speed ratio, 
couplings 76,84 and 86 overrun and coupling 82 is 
inactive. There is no gearset reaction and no en- 
gine braking. Couplings 76 and 86 overrun in drive 
and coast conditions; couplings 76. 84 and 86 
overrun and coupling 82 is inactive. There is no 
gearset reaction and no engine braking. Couplings 
76 and 86 overrun in drive and coast conditions; 
coupling 84 transmits torque in drive conditions. 

To produce an upshift from the fourth speed 
ratio to the fifth ratio, clutch 88 is disengaged, 
brake 98 is applied, clutches 92 and 104 remain 
applied and brake 72 remains applied. With the 
hydraulicaily actuated friction elements in that con- 
dition, couplings 76,84 and 86 overrun in tiie drive 
and coast conditions and coupling 82 is inactive in 
drive and coast conditions. The upshift from fourth 



speed ratio to the fifth speed ratio is nevertheless a 
nonsynchronous upshift as are the other gear a 
ratio changes. Because clutch 88 is unloaded in 
the fourth speed ratio it can be released at any 
5 time before or after an upshift to fourth gear ratio 
occurs without its disengagement having to be 
synchronised with engagement of the oncoming 
friction element, brake 98. 

During a drive condition in the fifth speed ratio, 

10 sun gear 38 is held against rotation through opera- 
tion of brake 98. and carrier 42 is driven by the 
input shaft through operation of brake 98. and 
carrier 42 is driven by the input shaft through 
operation of clutch 10,4. The output is taken at 

75 carrier 68, which is driven by ring gear 40 through 
element 106. Sun gear 46 and ring gear 40 through 
element 106. Sun gear 46 and ring gear 48 of the 
second gear unit are driven by input shaft 24, and 
carrier 50 ^drives ring gear 56 at the speed of the 

20 input shaft. During a coast condition in the fifth 
speed ratio, ring gear 40 is driven by output shaft 
30. sun gear 38 is held against rotation by reason 
of the engagement of brake 98, and input shaft 24 
is driven from carrier 42 through clutch 104. Engine 

25 braking is availabti. 

The reverse drive condition results when clutch 
100 and brake 64 are applied and the other hy- 
draulicaily actuated friction elements are disen- 
gaged. This action drives sun gear 38 of the first 

30 gear unit through clutch 10, holds carrier 42 fixed 
against rotation through operation of brake 64, and 
drives ring gear 40. carrier 58 and output shaft 30 
in the opposite direction from that of input shaft 24 
and at a lower speed. Engine braking is available 

35 during a coast condition in reverse drive. 

When the gear selector lever is moved by the 
vehicle operator to the Ml range, brakes 64.72 and 
74 are engaged, the clutches and brake 98 are 
disengaged, and all couplings are inactive, this 

40 action holds ring gear 48 against rotation on the 
transmission housing through operation of brake 
64. and sun gear 54 is fixed against rotation by 
brake 74. Sun gear 46 is driven by input shaft 24. 
the output of the second gear unit. Carrier 50 

45 drives ring gear 56. and carrier 58 drives output 
shaft 30. The gear set reactions at sun gear 54 and 
ring gear 48 ae continually present i the coast 
condition, thereby providing engine braking. 

When the gear shift lever is moved to the M2 

so range, clutches 88 and 92 are engaged, brakes 72 
and 74 are engaged. Coupling 82 and clutch 88 
driveably connect drum 80 and sungear 38 during 
a drive condition, but is overruns during a coast 
condition. Coupling 84 driveably connects drum 80 

55 and sun gear 38 during a coast condition, but it 
overruns during a drive condition. Therefore the 
first gear unit 32 is locked-up during drive and 
coast conditions, and carrier 42 and sun gear 38 of 
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the first gear unit turn at the same speed and in the 
same direction in drive and coast conditions in the 
M2 range. Consequently, ring gears 40 and 48. 
element 106. carrier 58 and output shaft 30 turn in 
the same direction and at the same speed as the 
clutched elements of the first gear unit, sun gear 
38 and carrier 42. The gear set reaction is present 
in drive and coast conditions at sun gear 54, which 
is held against rotation on the transmission housing 
bybrake 74. During drive conditions in the M2 
range, sun gear 46 is driven by Input shaft 24. The 
gear set reaction is at sun gear 54 and the output 
is taken at carrier 58. During coast conditions in the 
M2 range, output shaft 30 drives carrier 58, sun 
gear 54 is held against rotation, and sun gear 54 
drives input shaft 24. Engine braking is available. 

When the gear selector is moved by vehicle 
operator to the M3 range, hydraulically actuated 
friction clutches 88, 104 and brakes 72. 74 are 
engaged. The other friction elements of the trans- 
mission and all of the one-way couplings are inac- 
tive, i.e., they transmit no torque. The gear set 
reaction is provided at sun gear 54 In drive and 
coast conditions through operation of brake 74. Sun 
gear 46 and ring gear 48 turn at the speed and in 
the same direction as input shaft 24. thereby lock- 
ing-up the second gear unit 34 and driving ring 
gear 56 of the third gear unit at the same speed as 
the input shaft. In drive conditions, the input is 
taken on carrier 58 and output shaft 30. During 
coast conditions, output shaft 30 drives carrier 58. 
Ring gear 56 drives carrier 50. and sun gear 46 
and ring gear 48 drive input shaft 24. 

Claims 

1. A multiple speed ratio automatic transmission, 
comprising; 

a torque input shaft adapted to be driven 
by an engine: 

first, second and third gear units, each 
gear unit having a sun gear, ring gear, planet 
pinions meshing with the sun gear and ring 
gear, and carrier rotatably supporting the plan- 
et pinions; 

the sun gear of the second gear unit 
driveably connected to the input shaft, the car- 
rier of the second gear unit driveably con- 
nected to the ring gear of the third gear unit, 
the carrier of the first gear unit driveably con- 
nected to the ring gear of the second gear unit, 
the ring gear of the first gear unit and carrier of 
the third gear unit driveably connected to the 
output shaft; 

first brake means (72.76 and 74) for re- 
leasably holding the sun gear of the third gear 
unit against rotation; 

first clutch means (104) for releasably con- 



necting the ring gear of the second gear unit 
and the carrier of the first gear unit to the input 
shaft; 

second clutch means (100) for releasably 
5 connecting the input shaft and sun gear of the 

first gear unit; 

third clutch means (88.82 and 92.84) for 
releasably connecting the sun gear of the first 
gear unit and carrier of the first gear unit; 
10 second brake means (64 and 86) for re- 

leasably holding the carrier of the first gear 
unit against rotation; and 

third brake means (98) for releasably hold- 
ing the sun gear of the first gear unit against 
75 rotation. 

2. A transmission according to claim 1, wherein 
the first brake means comprises: 

a first coupling means (76) for producing a 
20 one way drive connection of the sun gear of 

the second gear unit and an element of said 
first coupling means; and 

first friction brake means (72) for releas- 
ably holding said element against rotation: 

25 

3. A transmission according to claim 1, wherein 
the first brake means comprises a second fric- 
tion brake means (74) for releasably holding 
the sun gear of the third gear unit against 

30 rotation. 

4. A transmission according to claim 1. wherein 
first brake means comprises: 

a first coupling means (76) for producing a 
35 one-way drive connection of the sun gear of 

the third gear unit and an element of said first 
coupling means; 

first friction brake means (72) for releas- 
ably holding said element against rotation; and 
40 a second friction brake means (74) ar- 

ranged in parallel with the first coupling means 
and first friction brake means for releasably 
holding the sun gear of the third gear unit 
against rotation. 

45 

6. A transmission according to claim 1 wherein 
second brake means comprises a third friction 
brake means (64) for releasably holding the 
carrier of the first gear unit against rotation. 

50 

6. A transmission according to claim 1, wherein 
second brake means comprises a second cou- 
pling means (86) for producing a one-way 
drive connection of the carrier of the first gear 

55 unit and a nonrotating element. 

7. A transmission according to claim 1. wherein 
second brake means comprises a third friction 
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brake means (64) for releasably hiding a car- 
rier of the first gear unit against rotation: and a 
second coupling means (86) arranged in series 
with the third friction brake means between a 
nonrotating element and the carrier of the first 
gear unit for producing a one-way drive con- 
nection of the carrier of the first gear unit and 
said nonrotating element. 

8. A transmission according to claim 1, wherein 
the third clutch means comprises: 

third coupling means (82) for producing a 
one-way drive connection of the carrier of the 
first gear unit and an element of said third 
coupling means; and 

first friction clutch means (88) for releas- 
ably connecting the sun gear of the first gear 
unit and said element of said third coupling 
means. 

9. A transmission according to claim 1. wherein 
the third clutch means comprises: 

fourth coupling means (84) for producing a 
one-way drive connection of the carrier of the 
first gear unit and an element of said fourth 
coupling means: and 

second friction clutch means (92) for re- 
leasably connecting the sun gear of the first 
gear unit and said element of said third cou- 
pling means. 

10. A transmission according to claim 1, wherein 
the third clutch means comprises: 

third coupling means (82) for producing a 
one-way drive connection of the carrier of the 
first gear unit and an element of said third 
coupling means; 

first friction clutch means (88) for releas- 
ably connecting the sun gear of the first gear 
unit and said element of said third coupling 
means; 

fourth coupling means (84) for producing a 
one-way drive connection of the carrier of the 
first gear unit and an element of said fourth 
coupling means; and 

second friction clutch means (92) for re- 
leasably connecting the sun gear of the first 
gear unit and said element of said third cou- 
pling means, the second friction clutch means 
and fourth coupling means arranged in parallel 
with the third coupling means and first friction 
clutch means between the sun gear of the first 
gear unit and the earner o f the first gear unit. 

11. A multiple speed ratio automatic transmission, 
comprising: 

a torque input shaft adapted to be driven 
by an engine; 



first, second and third gear units each gear 
unit having a sun gear, ring gear, planet pin- 
ions meshing with the sun gear and ring gear, 
and carrier rotatably supporting the planet pin- 
5 ions meshing with the sun gear and ring gear, 

and carrier rotatably supporting the planet pin- 
ions; 

the sun gear of the second gear unit 
driveably connected to the input shaft, the car- 

10 rier of the second gear unit driveably con- 

nected to the ring gear of the third gear unit, 
the carrier of the first gear unit driveably con- 
nected to the ring gear of the second gear unit, 
the ring gear of the first gear unit and carrier of 

15 the third gear unit driveably connected to the 

output shaft; 

first brake means (72,76 and 74) for re- 
leasably holding the sun gear of the third gear 
unit aqainst rotation, comprising 

20 a first coupling means (76) for producing a 

one-way drive connection of the sun gear of 
the third gear unit and an element of said first 
coupling means; 

first friction brake means (72) for releas- 

25 ably holding said element against rotation; and 

a second friction brake means (74) arranged in 
parallel with the first coupling means and first 
fi'iction brake means for releasably holding the 
sun gear of the third gear unit against rotation; 

30 first clutch means (1 04) for releasably 

connecting the ring gear of the second 
gear unit and the carrier of the first gear unit to 
the input shaft; 

second clutch means (100) for releasably 

35 connecting the input shaft and sun gear of the 

first gear unit; 

third clutch means (88.82 and 92.84) for 
releasably connecting the sun gear of the first 
gear unit and carrier of the first gear unit. 

40 comprising 

third coupling means (82) for producing a 
one-way drive connection of the carrier of the 
first gear unit and an element of said third 
coupling means; 

45 first friction clutch means (88) for releas- 

ably connecting the sun gear of the first gear 
unit and said element of said third coupling 
means; 

fourth coupling means (84) for producing a 
50 one-way drive connection of the carrier of the 

first gear unit and an element of said fourth 
coupling means; and 

second friction clutch means (92) for re- 
leasably connecting the sun gear of the first 
55 gear unit and said element of said third cou- 

pling means, the second friction clutch means 
and fourth coupling means arranged in parallel 
with the third coupling means and first friction 
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clutch means between the sun gear of the first 
gear unit and the canrier of the first gear unit: 

second brake means (64 and 86) for re- 
ieasabiy holding the carrier of the first gear 
unit against rotation, comprising 5 

third friction brake means (64) for releas- 
ably holding the carrier of the first gear unit 
against rotation; and 

second coupling means (86) arranged in 
series with the third friction brake means be- io 
tween a nonrotating element and the carrier of 
the first gear unit for producing a one-way 
drive connection of the carrier of the first gear 
unit and said nonrotating element; and 

third brake means (98) for releasably hold- 75 
ing the sun gear of the first gear unit against 
rotation. 
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